Mitochondrial catalase and oxidative injury.
Mitochondria dysfunction induced by reactive oxygen species (ROS) is related to many human diseases and aging. In physiological conditions, the mitochondrial respiratory chain is the major source of ROS. ROS could be reduced by intracellular antioxidant enzymes including superoxide dismutase, glutathione peroxidase and catalase as well as some antioxidant molecules like glutathione and vitamin E. However, in pathological conditions, these antioxidants are often unable to deal with the large amount of ROS produced. This inefficiency of antioxidants is even more serious in mitochondria, because mitochondria in most cells lack catalase. Therefore, the excessive production of hydrogen peroxide in mitochondria will damage lipid, proteins and mDNA, which can then cause cells to die of necrosis or apoptosis. In order to study the important role of mitochondrial catalase in protecting cells from oxidative injury, a HepG2 cell line overexpressing catalase in mitochondria was developed by stable transfection of a plasmid containing catalase cDNA linked with a mitochondria leader sequence which would encode a signal peptide to lead catalase into the mitochondria. Mitochondria catalase was shown to protect cells from oxidative injury induced by hydrogen peroxide and antimycin A. However, it increased the sensitivity of cells to tumor necrosis factor-alpha-induced apoptosis by changing the redox-oxidative status in the mitochondria. Therefore, the antioxidative effectiveness of catalase when expressed in the mitochondrial compartment is dependent upon the oxidant and the locus of ROS production.